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Summary 


A  turbulent  axisymmetric  Jet  was  Investigated  to  determine  the 
axial,  radial  and  tangential  components  of  the  fluctuating  velocity 
as  well  as  the  axial  and  radial  components  of  the  velocity  correlation 
coefficients  at  a  given  point  .  Also  determined  were  the  syninetrlc  and 
asymmetric  correlation  coefficients  and  the  transverse  turbulence  scale. 
The  Jet  was  150,  440  and  2200  mm  In  diameter;  measurements  were  taken 
In  the  Initial  section  (submerged  Jet)  where  the  boundary  layer  Is  two- 
dimensional.  The  results  of  measurements  are  shown  graphically  as 
families  of  curves  describing  the  mean  velocity,  the  turbulence  Intensity, 
the  fluctuating  velocity  component  and  various  cross  plots  of  these  param¬ 
eters. 
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SOME  RE  SUITS  OF  VELOCITY  FLUCTUATION  MEASUREMENTS  IN  THE 
INITIAL  SECTION  OF  AN  AXISYhHETRIC  JET* 

by 

I.  Ilizarov* 

Known  studies  of  the  microstructure  of  the  boundary  layer  in  the 
initial  .action  of  axlsymoetric  submerged  turbulent  jeta  have  been  carried 
out,  as  a  rule,  in  test  stands  with  small  nozzle  diameters  [1-7],  Since  the 
length  of  the  initial  section  determined  from  mean  velocities  is  known  to 
extend  over  several  jet  diameters,  the  measurement  range  in  these  studies 
had  relatively  small  lateral  and  axial  dimensions. 

The  purpose  of  the  present  study  was  to  find  the  distribution  of  the 
axial,  radial  and  tangential  components  of  the  fluctuating  velocity,  of  the 
correlation  coefficient  of  the  axial  and  radial  components  of  the  fluctuating 
velocity  at  a  given  point,  of  the  synmetrlc.l  and  asymmetric  correlation  co¬ 
efficients,  and  of  the  integral  transverse  turbulence  scale  in  the  initial 
section  of  turbulent  jets  of  sufficiently  large  diameter  (D  -  150,  440  and 
2200  am).  Experiments  were  carried  out  on  the  first  two  Jet  diameters,  where 
the  boundary  layer  can  be  considered  plane  since  the  transverse  curvature  of 
the  flow  does  not  exert  any  effect  in  this  case. 

All  measurements  of  mean  and  fluctuating  velocities  were  carried  out 
with  hot-wire  anemometers;  constant-temperature  hot-wire  anemometers  built 
by  the  "Dias  Elektronik"  firm  were  used  for  the  bulk  of  the  measurements. 

The  mean  velocity  and  the  axial  component  of  the  fluctuating  velocity  were 
measured  with  a  single-wire  probe  having  a  wire  diameter  of  8u  and  a  length 
nzn.  Across-shaped  two-wire  probe  (length  of  each  wire  2.5  two 
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hot-wire  anemometers  end  a  correlator  built  by  the  same  firm  were  used  to 
measure  both  the  axial  and  radial  componenta  of  the  fluctuating  velocity  as 
well  as  the  correlation  coefficients.  Fluctuations  of  the  transverse  velocity 
were  measured  with  an  ETAM-3A  hot-wire  anemometer  and  an  angular  hot-wire  probe 
in  the  initial  section  of  the  2200 -mm  diameter  Jet  at  a  station  x  ■  1600  nsn, 
where  the  boundary  layer  was  approximately  350  mm  thick.  (Note:  these  meas¬ 
urements  were  carried  out  by  the  author  together  with  V.  M.  Filippov).  At  all 
other  stations  measurements  ware  carried  out  with  the  hot-wire  anemometer  of 
the  "Dies  Elaktronlk"  firm. 

Control  testa  showed  that  the  flow  in  Jets  is  rigorously  axlsynmetrlc , 
and  therefore  measurements  were  carried  out  along  one  radius  of  the  Jet  in  a 
velocity  range  of  12-42  m/sec. 

As  studies  of  velocity  fluctuations  in  the  boundary  layer  on  the 
noxale  wall  near  its  exit  section  have  shown,  this  layer  was  turbulent  in  all 
cases.  Consequently,  the  entire  mixing  sone  formed  behind  the  nozzle  was 
turbulent,  i.e.,  there  was  no  inlet  laminar  region. 


MtMVWffnt  Results 

The  distribution  of  the  mean  velocity  and  turbulence  intensity 
*u  "'iu'  /u  within  tha  limits  of  the  boundary  layer  and  the  core  of  the 
440 -nm  diameter  Jet  is  shown  in  Fig.  1.  Here,  u  and  u'  are  the  mean  and 
fluctuating  velocity,  respectively. 

In  Fig.  2,  similar  results  are  shown  for  the  quantity  ^  u'^/u  , 
where  uq  Is  the  exhaust  velocity  of  the  Jet. 

In  Figs.  3  and  4  the  results  shown  in  Figs.  1  and  2  are  represented 
as  a  function  of  the  dimensionless  ratio  y/x,  where  y  is  measured  from  the 
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longitudinal  axis  which  la  an  extension  of  the  nozzle  edge.  Results  of 
measurements  with  the  cross-shaped  two-wire  probe  (  J  u'  2/uq  and^  v,2/u 
are  shown  In  Fig.  S.  A  comparison  of  the  data  given  In  Figs.  4  end  5  shows  a 


slight  discrepancy  (17%  and  IS. 57.)  between  the  maximum  values 


of  J  u'2/u 

*  O 


measured  with  the  one-wire  and  two-wire  probes.  It  Is  Interesting  to  note 
that,  according  to  data  In  reference  [6],  the  maximum  value  of  the  quantity 
■J  u,2/uo  Is  equal  to  167.. 

Results  of  similar  measurements  on  the  2200-ntn  diameter  Jet  are  shown 
In  Fig.  6,  which,  In  addition  to  the  mean  velocity  profile,  also  gives  the 
fluctuation  Intensities  of  all  three  velocity  components  as  a  function  of  y/x. 
The  same  results  are  shown  in  Fig.  7  when  the  rms  value  of  the  fluctuating 
velocities  Is  referred  to  the  velocity  uq . 

The  above  data  (see  Figs.  1  and  2)  show  how  turbulent  perturbations 
arise  In  the  boundary  layer  of  a  Jet  and  how  fluctuations  penetrate  Into  the 
constant-velocity  core.  At  the  same  time,  a  region  can  be  Identified  In  the 
core  of  the  jet  within  which  the  turbulence  intensity  Is  practically  constant 
and  Is  equal  to  the  Initial  turbulence  Intensity  at  the  nozzle  exit.  This 
region  can  be  approximately  represented  in  the  form  of  a  cone  with  a  height 
of  the  order  of  one  jet  diameter  (see  dotted  line  in  Fig.  2). 

The  relations  given  In  Figs.  3-7  Illustrate  the  well-known  fact  that 
fluctuating  velocity  profiles  are  universal  in  the  mixing  section  of  two 
streams  [1-7].  It  should  be  noted  that  the  scatter  of  experimental  points  In¬ 
creases  as  one  approaches  the  outer  limit  of  the  boundary  layer;  In  this 
region,  it  Is  difficult  to  measure  both  the  mean  and  fluctuating  velocities 
In  vxew  of  the  Intermittent  nature  of  the  flow  and  the  very  small  values  of 
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the  mean  velocity. 

Measurement*  of  the  radial  component  of  the  fluctuating  velocity,  per* 
formed  In  the  440-mm  diameter  Jet,  and  of  the  radial  and  tangential  component* 
In  the  2200  mm  Jet  have  shown  that  the  axial  component  of  th*  fluctuating  ve¬ 
locity  1*  greater  than  the  other  two  components,  which  are  practically  equal 
(Figa.  5-7). 

Th*  fact  that  the  axial  component  1*  greater  than  th*  radial  component 
waa  also  noted  In  the  studies  of  Llapmann  and  Laufar  [5]  and  also  in  the  work 
of  Van  dar  Hegge  ZIJnen  [8] .  Howaver ,  th*  third  component  waa  not  measured  In 
th*  above  studies. 

In  Fig.  7,  showing  experimental  results  for  a  2200-mm  diameter  Jet,  a 
mean  curve  1*  plotted,  which  corresponds  to  experimental  points  for  a  440 -mm 
and  25.4  mm  Jet  [6]  . 

The  measurements  performed  have  shown  that  the  width  of  the  boundary 

layer,  determined  from  points  in  which  the  velocity  amount*  to  u/u  -0.10 

o 

and  0.90,  Is  equal  to  6  "  0.18x.  It  la  Interesting  to  note  that,  according 

to  Relchardt's  experiments  [9],  the  width  of  the  mixing  zone,  determined  from 
2 

points  In  which  (u/u  )  ■  0.10  and  0.90,  is  &  -  0.098x,  whereas  this  width  Is 

o 

&  •  O.llx  according  to  th*  data  given  in  Fig.  6. 

Th*  mean  velocity  at  y/x  -  0  is  equal  to  u/uq  •  0.63.  Results  of 

measurements  of  th*  correlation  coefficient,  R  ,  of  the  axial  and  radial 

uv 

velocity  components,  performed  In  a  440- am  diameter  jet,  are  shown  In  Figs.  8 
and  9. 

The  factor  R  decreases  monotonlcally  from  the  inner  edge  of  the 
boundary  layer  (y/x  <  0,  R^v  *>  0.3)  towards  the  outer  edge  (y/x  >  0,  R  w  0.1). 
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These  measurements  were  performed  at  stations  x  ■  440  and  550  ass,  where  the 
thickness  of  the  boundary  layer  was  5  “  99  and  110  am,  respectively.  The  re¬ 
lation  for  Reynolds'  shear  stresses  u'v'/u  ^  -  R  -J  u'^/u  • V  v'^/u  Is 

1  o  UV*  0  o 

shown  In  Fig.  10  and  the  distribution  of  the  ratio  T/TMX  18  shown  In  Fig.  11. 

The  above  values  of  the  normal  and  tangential  Reynolds'  stresses  can 
be  used  together  with  the  mean  velocity  profile  for  calculating  the  distribu¬ 
tion  of  the  mixing  length  across  the  boundary  laver  of  the  Jet  with  the  aid 
of  the  relations 


& 
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du 
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Results  of  the  calculation  by  means  of  these  formulas  of  the  three 
dimensionless  lengths  -Wx,  f^/x  and  f-Q/x  as  a  function  of  y/x  are  given  In 
Fig.  12.  An  examination  of  these  data  shows  that  only  the  mixing  length,  , 
remains  practically  constant  across  the  boundary  layer  of  the  Jet.  The  values 
of  and  4  decrease  monotonlcally  towards  the  outer  edge  of  the  Jet. 

Apparently,  the  accuracy  of  calculation  can  be  noticeably  Increased  by 
taking  this  fact  Into  consideration  when  usln{  Prandtl's  formula  for  shear 
stresses.  An  analogous  conclusion  has  been  made  previously  In  [5],  namely 
that  mixing  length  across  the  Jet  Is  no  longer  constant. 

As  was  noted  before,  the  distributions  of  the  radial  and  tangential 
components  of  the  fluctuating  velocity  in  a  2200-mm  diameter  jet  practically 
coincide  (see  Figs.  6  and  7).  This  fact  has  made  It  possible  to  calculate 
for  a  440-mm  diameter  jet  the  value  of  the  square  of  the  mean  turbulence  In¬ 
tensity,  which  Is  proportional  to  the  kinetic  energy  of  turbulence 
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J  1  /  2  2  2  ^ 

u'a  *  j  +  V'  +  W'  J.  Fig.  10  (hows  the  distribution  of  th«  ratio 

~2  2  2  - 7 

q  ■  u‘  /u  and  also  of  the  quantity  a  ■  urvT/u'  . 

®  o  si 

The  flow  In  the  boundary  layer  of  the  jet  la  axlsymsMtrlc .  Therefore 
It  le  Intereating  to  examine  to  what  extant  the  ratio  u^/u'^  la  no  longer 
conatant;  according  to  Townaand,  thla  mu  at  occur  In  aymmetrlc  flow*.  As  can 
be  aeen  In  Fig.  10,  thla  ratio  la  practically  conatant  only  In  the  Inner 
region  of  the  boundary  layer  when  y/x  -  0  to  -0.C7. 

m 

In  order  to  calculate  the  tranaverae  Integral  acale  L  ■  P  R  dTl  the 

uu  J  uu 

distribution  of  the  symmetric  correlation  coefficient  of  the  fluctuations  of 
the  axial  velocity  component 


R  .  a  ♦,  TDHi.ii  -,.m  . 

V5T*  <y  +  W  U72  (y  -  T}) 

waa  measured  across  the  Jet  at  several  Jtationa  along  jets  of  440  nm  and 
ISO  mm  diameter . 

Thla  acale  waa  found  to  be  approximately  conatant  In  the  central 

region  of  the  boundary  layer  (Fig.  13)  and  equal  to  L  -  0.03x  (Fig.  14). 

uu 

The  symmetric  and  also  the  asymmetric  correlation  coefficients 

R  ,  u'  (v)u'  (v  ±  n)  _ 
f  ~2  (y)  V  (y  +  n) 

obtained  when  the  mobile  heat  probe  waa  moved  awey  from  the  stationary  probe, 
were  measured  at  stations  close  to  the  nossle  in  the  boundary  layer  of  e 
150-nm  diameter  jet;  these  measurements  disclosed  rather  large  negative 


1 


correlation*.  A*  an  example,  Fig.  15  ahowi  the  results  of  meaaureoienta  of 
the  correlation  coefficient  Ryu  when  the  dlatance  between  the  probe*  la  In¬ 
creased  symmetrically.  The  region  of  negative  values  of  R  becomes  smaller 

with  Increasing  distance  from  the  nozzle  and  only  positive  valuea  of  R  are 

uu 

observed  at  a  distance  of  approximately  x  »  60  tm.  This  phenomenon  la  ap¬ 
parently  due  to  the  presence  of  a  certain  periodic  process  occurring  In  the 
flow  In  the  lnmediate  vicinity  of  the  nozzle  edge. 

E.  M.  Mlnskll  [10]  has  made  the  aasumptlon  and  has  proven  experi¬ 
mentally  that  there  Is  a  connection  between  the  turbulence  scale  and  the 
mixing  length  In  an  open  channel  flow.  A  comparison  of  the  values,  obtained 
In  the  above  study,  of  the  mixing  length  IJx  ~  0.03  and  of  the  Integral 
transverse  turbulence  scale  L^/x-0.03  also  indicates  that  there  Is  a 
definite  connection  between  these  characteristic  geometric  dimensions  In 
the  mixing  layer  of  the  jet. 


References 


G.  S.  Antonova.  Study  of  the  turbulence  characteristics  of  a  free 
nonlsothermal  jet  in  an  open  flame  brush,  Tr .  soveshchanlya  po  prlkl. 
gazovol  dlnamlke ;  Izd  .  AN  Kas  .  SSR,  Alma-Ati  (1959)  . - “ - 


2.  J. Laurence.  Intensity,  scale  and  spectra  of  turbulence  in  the  mixing 

region  of  a  free  subsonic  jet;  NACA  Report  No.  1292  (1956). 

3'  p'  *'  —  StrUCtUre  —  Turbulent  Shear  Flow;  Cambridge  Unlv. 


4.  V.  P.  Solntsev.  Experimental  Study  of  turbulence  parameters  In  the 
core  of  a  free  Jet,  from  the  collection  entitled  "Stablllzatalya 
plamenl  1  razvltle  protaeasa  sgoranlya  v  turbulentnom  potoke"  L 
[Flame  Stabilization  and  Evolution  of  the  Combustion  Process  In  a 
Turbulent  Flowj :  Oboronglz  (1961). 

5 .  Pal-Shlh-1 .  Fluid  Dynamics  of  Jets ;  Van  Nostrand  6  Co.,  N.Y.  ( 1954) 


-7- 


•O.A.L.  Davit* ,  M.  J.  Flachtr  and  M.  J.  Barrett.  Tha  characteriatice 
of  tha  turbu lance  In  tha  mixing  raglon  of  a  round  jat,  Journ.  Fluid 
Mechanic  >;  15,  No.  3  ,  33  7  -367  (1963).  *~V 

?'  H•/6rr^■,  Johnaon.  Turbul.aca  In  tha  noi.e- 

produclng  raglon  of  a  circular  Jet,  Ifei*.;  19,  No.  4  ,  591-624  (1964). 

!?!!!“  Haaauramanta  of  turbulence  in  a  plane  jat 

a* ^  dlffu,ion  method  and  by  tha  hot-wire  method,  Applied 
Scientific  Rtaearch,  Section  A;  7,  No.  4,  293-313  (1958).  - 

9.  H.  Schllchtlng.  Boundary  Layer  Theory :  McGraw-Hill,  N.Y.  (1955). 

10'  ”  nln,k11i‘  SZAtl*liC  d,tBrmin4tl0n  °f  tl»a  mixing  length  in  a  turbu¬ 

lent  flow,  Akad.  Nauk  SSSR,  Dok.  Novaya  Serlya:  28,  No.  7  (1940)  . 


7. 


8. 


-8- 


0 


-  10  - 


ozzle 


11 


D~  *<10  MM 
•  •  *  —  77  Omm 

o  o  eso 

0  0  550 

*50 

/iP 

uo 

_ 

zn 

_ 

«/ 

J 

a 

_ 

ft 

► 

** 

rsr 

r* 

■* 

-flj  -0.2  -at  o  at  u2  % 


Figure  L. 


^L^urj  5. 


’“lrniT'2  6. 


12 


Fi?juro  7. 


Figure  i. 


■irure  ?. 


13 


f  II  It 


-  1^  - 


UNCLASSIFIED 


DOCUMENT  CONTROL  DATA  RAD 

‘"""'I'  ,l„,lll,mt,mn  ml  ill)..  bod,  ol  mbtlrmrl  mnd  mining  n.u.i  bt  »,♦  o».,«||  ,w„  r 

The  Johns  Hopkins  Univ. ,  Applied  Physics  Lab.  "  V  . '  V"  '°" 

8621  Georgia  Avenue  - Unclassified 

Silver  Spring,  Maryland 


SOME  RESULTS  OF  VELOCITY  FLUCTUATION  MEASUREMENTS  IN  THE 
INITIAL  SECTION  OF  AN  AXISYMMETRIC  JET 


*  OIICRiRTivl  NOTH  (Typo  of  r  apart  and  Inclualv*  dataa) 


•  *u  TNORIEI  frit* I  nsata,  middfa  initial,  laat  nama) ^ - 

L.  I.  Ilizarova 


•  REPORT  0 A  T ( 


26  March  1968 


•«.  CONTRACT  on  ORANT  NO. 

NOw  62-0604-c 

t.  RROJlC  t  no 


|7«.  TOTAL  NO  0*  RASH 


ORtOlN  ATOR'I  REPORT  NUM  11  Rill 


TG  230-T552 


I**'  ",ol,,  (Anr  »•  I  mm,  m,  ,1  fnmd 


tb  OIITK1IUTION  ITtTlMlNT 


This  document  has  been  approved  for  public  release  and  sale.  Its  distribution  is 
unlimited. 


•  a  IRONIORlNfl  MILITARY  ACTIVITY 


NA VPLANTREPO 

Naval  Ordnance  Systems  Command 


A  turbulent  axisymmetric  jet  was  investigated  to  determine  the  axial, 
radial  and  tangential  components  of  the  fluctuating  velocity  as  well  as  the  axial  and 
radial  components  of  the  velocity  correlation  coefficients  at  a  given  point.  Also 
determined  were  the  symmetric  and  asymmetric  correlation  coefficients  and  the 
transverse  turbulence  scale.  The  jet  was  150,  440  and  2200  mm  in  diameter; 
measurements  were  taken  in  the  initial  section  (submerged  jet)  where  the  boundary 
layer  is  two-dimensional.  The  results  of  measurements  are  shown  graphically  as 
families  of  curves  describing  the  mean  velocity,  the  turbulence  intensity,  the 
fluctuating  velocity  component  and  various  cross  plots  of  these  parameters. 


UNCLASSIFIED 
Security  Clueificatioo 


Fluid  mechanics 
Jets,  axisymmetric 
Turbulence 
Flow  velocity 


REQUESTERS:  C.  Yates 


